Objective. To examine practice patterns for diagnosis and treatment of chorioamnionitis among US obstetricians. Study Design. We distributed a mail-based survey to members of the American College of Obstetricians and Gynecologists, querying demographics, practice setting, and chorioamnionitis management strategies. We performed univariable and multivariable analyses. Results. Of 500 surveys distributed, 53.8% were returned, and 212 met study criteria and were analyzed. Most respondents work in group practice (66.0%), perform >100 deliveries per year (60.0%), have been in practice >10 years (77.3%), and work in a nonuniversity setting (85.1%). Temperature plus one additional criterion (61.3%) was the most common diagnostic strategy. Over 25 different primary antibiotic regimens were reported, including use of a single agent by 30.0% of respondents. A wide range of postpartum antibiotic duration was reported from no postpartum treatment (34.5% after vaginal delivery, 11.3% after cesarean delivery) to 48 hours of postpartum treatment (24.7% after vaginal delivery, 32.1% after cesarean delivery). No practitioner characteristic was independently associated with diagnostic or therapeutic strategies in multivariable analysis. Conclusion. There is a wide variation in contemporary clinical practices for the management of chorioamnionitis. This may represent a dearth of level I evidence. Future prospective clinical trials may provide more evidence-based practice recommendations for diagnosis and treatment of chorioamnionitis.
Introduction
Chorioamnionitis, infection of the amniotic fluid, membranes, placenta, and/or decidua, is a common intrapartum complication, affecting up to 10% of women during labor in the USA [1] [2] [3] [4] [5] [6] . Potentially serious adverse maternal sequelae of chorioamnionitis include increased risk of operative delivery, postpartum hemorrhage, and postdelivery infection [1, [6] [7] [8] . Neonatal risks include sepsis and potential longterm consequences such as cerebral palsy [6] [7] [8] [9] [10] [11] [12] . The pathogenesis of chorioamnionitis is thought to be polymicrobial and involves bacteria that colonize the vagina including Gram-negative organisms and anaerobes. When chorioamnionitis is suspected based on clinical findings prior to delivery, administration of broad spectrum antibiotics has been shown to be effective in reducing maternal and fetal morbidity and mortality [1] [2] [3] [4] [5] [6] 9] .
Which diagnostic and therapeutic strategies are associated with optimal maternal and neonatal outcomes is unclear due to a dearth of prospective randomized trials comparing various management strategies [1] [2] [3] [4] [5] [6] 13] . Clinical chorioamnionitis is traditionally diagnosed based on elevated maternal temperature associated with additional findings including maternal tachycardia, fetal tachycardia, maternal leukocytosis, uterine tenderness, and purulent amniotic fluid [1] [2] [3] [4] [5] [6] . Number and type of diagnostic criteria associated with least maternal and neonatal morbidity have not been evaluated in a systematic fashion. Much of the peer-reviewed literature on chorioamnionitis either lacks a description of formal diagnostic criteria or reports utilization of elevated 2 Infectious Diseases in Obstetrics and Gynecology temperature plus two additional criteria [1] [2] [3] [4] [5] 8] . With regard to evidence-based treatment, though randomized and observational trials have demonstrated a reduction in neonatal sepsis with intrapartum rather than postpartum treatment for chorioamnionitis, there have been few head to head comparisons of different intrapartum regimens [14] [15] [16] [17] . In contrast, several studies have demonstrated similar efficacy among different durations of postpartum therapy, with regard to resolution of maternal infection and development of postoperative infectious complications [18] [19] [20] [21] .
Likely due to limitations in the breadth of available data, guidelines are lacking regarding necessary clinical and laboratory diagnostic criteria, optimal antibiotic regimens, and duration of therapy. As a result of this uncertainty, practice patterns are likely to vary, potentially significantly. We hypothesized that obstetric care providers have a wide variety of practice patterns with regard to management of intrapartum chorioamnionitis. Identification of such variations in practice would allow us to target areas in which future investigation could be useful. In addition, for those aspects of chorioamnionitis management for which high quality data are available, it would be useful to define areas in which enhanced provider education regarding best practices might be beneficial. The purpose of this study was to determine the current practice patterns among obstetricians in the USA regarding chorioamnionitis management strategies. We also examined provider characteristics associated with the use of different diagnostic and therapeutic practices.
Materials and Methods
Questionnaires were mailed in January 2011 to 500 Fellows and Junior Fellows of the American College of Obstetricians and Gynecologists (ACOG). The potential participants were members of the Collaborative Ambulatory Research Network (CARN), a consortium established to facilitate assessment of clinical practice patterns. CARN is comprised of 1200 practicing obstetrician gynecologists who have volunteered to participate in 3-5 survey studies each year.
The pool of potential participants was quasi randomly selected from the total CARN membership. The entire CARN sample pool was divided into groups of 100, all of which were similar with regard to mean age, gender, and ACOG district distribution. Five groups of 100 were then randomly chosen for this study sample. Each potential participant was assigned an identification number that was used to track the respondent while maintaining anonymity. A cover letter was included with the questionnaire, orienting survey recipients to the study and indicating a response deadline of approximately 3 weeks from the mailing date. Mailings also included postage paid return envelopes with the recipient identification number. All non-respondents received a second mailing of the questionnaire 5 weeks after the first mailing. A final mailing was sent approximately 5 weeks later. Questionnaires returned by July 2011 were included in the study. The survey consisted of 27 questions including 7 demographic, 9 on practice characteristics, 6 on chorioamnionitis diagnostic practices, and 5 on treatment practices. Question formats included multiple choice, yes/no, and Likert response scale. We conducted a pilot survey of 157 physicians and certified nurse midwives in June 2010 and utilized the results to eliminate ambiguity and redundancy in the questionnaire content and format. A sample of the questions on diagnostic and treatment strategies is listed in Table 1 .
Student's t-tests were used to compare group means of continuous variables. Differences in categorical measures were assessed using Chi-squared test. Multivariable logistic regression analyses were used to control for potential confounders in assessing differences between groups. For the multivariable models, we utilized four predictor variables thought to be clinically important, regardless of significance in univariable analysis: region of practice, number of years in practice, practice volume, and practice setting. We analyzed data using R version 2.11.1 (2010-05-31, The R Foundation for Statistical Computing). We considered a two-sided alpha of <0.05 to be significant. Institutional review board exemption was granted at Stanford University.
Results and Discussion

Results.
Of the 500 surveys distributed, 269 were returned for a 53.8% response rate. Forty were excluded due to insufficient survey completion and 17 because the respondents reported that they do not currently practice inpatient obstetrics. The remaining 212 completed surveys were included in the analysis. Participants represent 42 different US states, Canada (3 providers) and Bahamas (1 provider), with female and male providers equally represented and a median provider age of 51 ( Table 2 ). The majority of providers work in private or community practice (83.2%), have been in practice greater than 10 years (77.3%), and perform over 100 deliveries per year (60.0%) ( Table 2) . Table 3 shows diagnostic management practices. Most providers reported using temperature plus one additional criterion for diagnosis of chorioamnionitis (61.3%), with the most common temperature threshold being 38.0 degrees Centigrade. The majority of providers use interventions to attempt to lower maternal temperature prior to making the diagnosis of chorioamnionitis (69.0%), including 7.1% who administer acetaminophen for this purpose prior to diagnosis. The presence of epidural analgesia influences the likelihood of diagnosing chorioamnionitis for 41.2% of providers, and 9.0% are influenced by their institution's neonatal sepsis workup policy.
Responses about treatment practices are shown in Table 3 . Respondents listed over 25 different antibiotic regimens as their primary choice for treating chorioamnionitis. A regimen containing ampicillin and gentamicin is used by 65.3% of providers, while 30.0% of respondents use a singleagent regimen. A regimen without Gram-negative coverage, either ampicillin alone or cefazolin alone, is used by 14.5% of providers. A wide range of duration of postpartum antibiotic therapy was reported from no postpartum treatment (34.5% after vaginal delivery, 11.3% after cesarean delivery) What temperature is your threshold for diagnosing intrapartum chorioamnionitis? 37.8
• C (100.0
What strategies do you use to lower maternal temperature before deciding whether a patient meets diagnostic criteria for chorioamnionitis? Choose all that apply. If a patient has a fever alone, with no additional signs or symptoms of chorioamnionitis, is it likely that your decision to treat for chorioamnionitis would be influenced by whether the patient has an epidural?
No Yes, I would be more likely to diagnose chorioamnionitis and treat accordingly in a patient with a fever and an epidural than one without an epidural Yes, I would be less likely to diagnose chorioamnionitis and treat accordingly in a patient with a fever and an epidural than one without an epidural to 48 hours of postpartum treatment (24.7% after vaginal delivery, 32.1% after cesarean delivery). Sixteen percent of providers utilize oral antibiotics after completion of the intravenous regimen.
We examined the relationship between management strategies and the following provider characteristics: region of practice, length of time in practice, practice setting, and practice volume. In univariable analysis, university-based practitioners were less likely to report use of single-agent regimen (13.8% versus 32.6%, P = 0.04) and more likely to report sufficient Gram-negative coverage (100% versus 83.4%, P = 0.02) when compared to non-university-based practitioners. Those in practice for <10 years were more likely to report using a regimen with sufficient Gramnegative coverage than those in practice for >10 years (97.8% versus 82.0%, P = 0.007) and less likely to prescribe a course of oral antibiotics after completion of the intravenous course (8.3% versus 24.7%, P = 0.01). Region of practice was associated with likelihood of reporting use of ≤1 dose of additional antibiotics after vaginal delivery compared with >1 dose with more providers from the Midwest treating with ≤1 antibiotic dose (67.9%) compared to providers from other regions (west 46.7%, south 36.2%, northeast 26.3%, P < 0.001). No other provider characteristics were associated with differences in management strategy in univariable analysis (data not shown). In multivariable logistic regression analysis controlling for the practice volume, region, setting, and length of time in practice, no provider characteristics were independently statistically significantly associated with differences in any chorioamnionitis management strategy.
Discussion.
We demonstrate a wide variation in practice patterns for management of chorioamnionitis among obstetric care providers in the USA. We identified significant heterogeneity in essentially all aspects of management, including criteria for diagnosis, influences on likelihood of making the diagnosis, choice of antibiotics, and type and duration of postpartum treatment.
This wide variety of diagnostic and treatment strategies is likely in part due to a dearth of high-quality clinical data to guide practice and indicates a need for further investigation into optimal strategies for the management of chorioamnionitis. For example, 60% of obstetricians require elevated temperature plus one additional criterion when making the diagnosis of chorioamnionitis, and a quarter of clinicians use elevated temperature alone. The latter strategy likely results in more patients being diagnosed with and treated for intrapartum infection than strategies that require additional signs or symptoms. Whether or not this lower threshold for diagnosis of chorioamnionitis is associated with fewer adverse outcomes is unclear and deserves further study.
Over two-thirds of providers utilize strategies to attempt to lower maternal temperature prior to making a diagnosis of chorioamnionitis. This may represent uncertainty by obstetricians regarding whether treatment in the setting of elevated temperature alone is associated with optimal outcomes, as well as acknowledgement that there are a variety of influences on maternal temperature in labor [1] [2] [3] [4] [5] [6] [22] [23] [24] [25] [26] [27] . As with other diagnostic criteria, there are no data regarding maternal or neonatal outcomes associated with initial management of maternal fever using intravenous fluids, acetaminophen, and/or external cooling prior to diagnosing chorioamnionitis and initiating antibiotics in labor.
Sixty percent of providers do not consider the presence of epidural analgesia in the diagnosis of chorioamnionitis, while the remainder are influenced by presence of epidural in making diagnostic and treatment decisions. This heterogeneity of management styles reflects the lack of consensus on best practices regarding the complex relationship between epidural, maternal fever, and neonatal outcomes, despite multiple publications addressing this issue [22] [23] [24] [25] [26] [27] . While current literature suggests that elevated maternal temperature associated with epidural use is not associated with neonatal sepsis, a consensus regarding how presence of epidural should inform chorioamnionitis diagnostic threshold has yet to be reached [22] [23] [24] [25] [26] [27] .
The vast majority of obstetricians surveyed do not take their institution's neonatal sepsis workup policy into account when diagnosing chorioamnionitis. However, of the 7% of providers who are influenced by such policies, more than two-thirds report that they are less likely to diagnose and treat clinically suspected chorioamnionitis as a result of their institution's policy. Presumably this indicates a degree of uncertainty regarding the cost-benefit ratio of exposing neonates to invasive procedures, given the lack of an evident number needed to treat to prevent neonatal harm when the clinical diagnosis of chorioamnionitis is uncertain.
A 2002 Cochrane Database Review indicated that there are insufficient data on which to base a recommendation for optimal antibiotic regimens in the setting of chorioamnionitis [13] . Not surprisingly, our results demonstrate a wide variety of antibiotic regimens in common use. Most of these regimens contain sufficient Gram-negative coverage and consist of broad spectrum antibiotics that cover for betalactamase producing aerobes and anaerobes, as has been recommended by expert consensus and nonrandomized published studies [1-6, 9, 13-16, 22-27]. However, 15% of providers use ampicillin or cefazolin alone, regimens that do not contain Gram-negative coverage and are theoretically insufficient for covering the spectrum of microbes commonly seen with chorioamnionitis. We found that use of a regimen with insufficient Gram-negative coverage is associated with practice type and duration, with community physicians and those in practice for >10 years more likely to use such a regimen than those in university practice and more recently in training. While use of a single agent appears to be common practice (30% of respondents), no studies have compared the use of a single agent to a multidrug regimen for treatment of chorioamnionitis. Use of a single agent is also associated with practice type, with fewer physicians in university practice reporting use of a single agent as compared to those in community practice. These discrepancies may be indicative of variation in management styles between university and community practices.
Several studies have investigated the association between duration of postpartum therapy, resolution of maternal infection, and development of postoperative infectious complications [18] [19] [20] [21] . While randomized trials have not demonstrated a difference in efficacy between "traditional" 24-48 hour postpartum courses and "abbreviated" courses consisting of ≤1 postpartum dose of antibiotics, the majority of providers continue to use 24-48 hour courses. Unlike other practice patterns studied, region of practice but not practice type is associated with likelihood of adopting an abbreviated postpartum antibiotic course. While most obstetricians do not use oral antibiotic therapy after completion of an intravenous postpartum course, a significant minority (16%) uses oral antibiotics to complete a longer treatment course. This practice is in contrast with randomized data demonstrating lack of benefit of such a strategy [28] .
While this study describes clear differences in the management of chorioamnionitis amongst a diverse group of obstetric providers, it is not without limitations. These include a relatively small sample size, which may decrease our ability to detect potential differences in management practices attributable to variability in provider characteristics. Similarly, our findings may not be generalizable to practitioners outside of the ACOG membership and the demographic included. The response rate of 54% may have led to nonresponse bias, though this is near the upper end of the 35%-60% response rate typical of previous ACOG surveys [29, 30] . Additionally among those surveyed, a wide variety of practice settings and geographic regions were represented. Due to the constraints of a postal-based survey strategy, we were also limited in our ability to capture more comprehensive details about chorioamnionitis management strategies and their associated outcomes or about the risk profiles of respondent's patient populations. Many providers likely have a more nuanced approach to the diagnosis and treatment of chorioamnionitis than can be appreciated based on the brief closed-ended survey approach employed.
Conclusions
This study is the first to report on chorioamnionitis management patterns among US obstetricians. The heterogeneity of practice patterns we demonstrate has several potential implications. Many aspects of variation in management strategy may reasonably be thought to represent lack of highquality data necessary to guide practice in a coherent fashion. These understudied aspects of care include number and type of diagnostic criteria, influence of epidural on diagnosis, and type of antibiotic regimen. While some heterogeneity in practice may be acceptable, such as in the use of numerous antibiotics that cover the same bacteria but have varying prices, availability, ease of use, and tolerability, studies determining optimal maternal and neonatal outcomes associated with particular management strategies in these understudied areas may be helpful to inform best practices. Data regarding which strategies are associated with decreased rates of neonatal sepsis and improvements in long-term child health are important to guide providers in these areas as these are associated with the most current uncertainty. With regard to several management issues that have already been studied in randomized trials, such as duration and type of postpartum therapy, our results indicate that efforts should be made to increase dissemination of best practice guidelines across obstetric demographics.
